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Abstract: In the current scenario, Lake Urmia, one of the vastest hyper saline lakes on the Earth, has 
been affected by serious environmental degradation. Using different satellite images and observational 
data, this study investigated the changes in the lake for the period 1970-2020 based on the effects of 
climate change and several human-induced processes on Lake Urmia, such as population growth, 
excessive dam construction, low irrigation water use efficiency, poor water resources management, 
increased sediment flow into the lake, and lack of political and legal frameworks. The results indicated that 
between 1970 and 1997, the process of change in Lake Urmia was slow; however; the shrinkage was faster 
between 1998 and 2018, with about 30.00% of the lake area disappearing. As per the findings, 
anthropogenic factors had a much greater impact on Lake Urmia than climate change and prolonged 
drought; the mismanagement of water consumption in the agricultural sector and surface and 
underground water withdrawals in the basin have resulted in a sharp decrease in the lake's surface. These 
challenges have serious implications for water resources management in Lake Urmia Basin. Therefore, we 
provided a comprehensive overview of anthropogenic factors on the changes in Lake Urmia along with 
existing opportunities for better water resources management in Lake Urmia Basin. This study serves as a 
guideline framework for climate scientists and hydrologists in order to assess the effects of different 
factors on lake water resources and for decision-makers to formulate strategies and plans according to the 
management task. 
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1 Introduction 


Lake Urmia, located in the northwest of Iran, is among the vastest hypersaline lakes on the Earth. 
During the last decades, the lake area has decreased and the lake was threatened by various 
anthropogenic factors (such as extensive agricultural activities, urban growth, land expansion, and 
construction of dams), climate change, and natural hazards (such as drought) (Zarghami et al., 
2011; Tourian et al., 2015; Hassani et al., 2020; Schulz et al., 2020; Mohammadi Hamidi et al., 
2021; Sima et al., 2021). The drying process has led to a loss of biodiversity, thus destroying the 
habitat of many bird species. Desertification has seeped into the aquifers in the basin, as the salt 
of the lake was exposed. Such increased salinity also has consequences on the local agricultural 
sector, as well as serious side effects on the health of the residents (Zarrineh and Abad, 2014; 
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Balkanlou et al., 2020; Nhu et al., 2020; Tabrizi et al., 2020). Therefore, it is considerably 
important to determine the responsible factors of lake shrinkage and formulate different 
management strategies against lake shrinkage. 

Many studies have examined the changes in the volume of Lake Urmia and explored possible 
factors affecting its gradual drying (Gholampour et al., 2015; Khazaei et al., 2018; Ghale et al., 
2019; Dehghanipour et al., 2020; Schmidt et al., 2021). Some local authorities blame climate 
change and its consequences for the crisis, arguing that the water scarcity is periodic (Lake Urmia 
Restoration Program, 2014; Urmia Lake Restoration National Committee, 2015; Sobhani et al., 
2019). However, some others believed that the catastrophic water shortages of the basin are 
rooted in decades of disintegrated water resources management (Madani, 2014; AghaKouchak et 
al., 2015; Torabi Haghighi et al., 2018; AghaKouchak et al., 2021). For example, Madani (2014) 
argued that the status of Lake Urmia is affected by rapid population growth as well as inefficiency 
and mismanagement of agricultural sector. AghaKouchak et al. (2015) investigated the changes in 
the lake's shoreline and demonstrated that the on-going shoreline retreat is not solely an artifact of 
prolonged drought alone. Torabi Haghighi et al. (2018) employed a new method for designing 
environmental flow to Lake Urmia, showing that the mismanagement of water consumption in the 
agricultural sector of Lake Urmia Basin has resulted in a sharp decrease in the inflow to the lake 
up to 80.00%. Therefore, there is a lack of consensus among these studies on the causes of Lake 
Urmia shrinkage. 

This paper uses satellite images to evaluate the changes in the area of Lake Urmia and 
investigates the primary reasons for its shrinkage. This study serves as a guideline framework for 
climate scientists and hydrologists in order to assess the effects of different factors on water 
resources management of Lake Urmia and for decision-makers to formulate and improvise 
strategies according to the management task. 


2 Materials and methods 


2.1 Study area 


Lake Urmia (44°13’-47°54'E, 35°40'-38°29’N; Fig. 1), located in the northwest of Iran, is one of 
the vastest saltwater lakes on the Earth. Lake Urmia Basin is situated in arid and semi-arid region 
of Iran (Yazdandoost et al., 2020a), where the mean annual temperature varies from 6.5°C to 
13.5°C (Department of Environment of Iran, 2019). Since the 1970s, the endorheic lake has faced 
severe water scarcity. Using images captured by the United States Geological Survey-National 
Aeronautics and Space Administration (USGS-NASA) Landsat satellites, researchers have 
pointed out that the area of Lake Urmia has decreased substantially in recent years (Tourian et al., 
2015; Hosseini-Moghari et al., 2018; AghaKouchak et al., 2021; Sima et al., 2021; Yazdandoost 
and Moradian, 2021). When the water retreats, salt crusts are left behind and dust storms sweep 
into the atmosphere, causing respiratory difficulties for people and wreaking havoc on the 
neighboring farmlands (Rasouli et al., 2013; Ghale et al., 2018; Hossein Mardi et al., 2018; 
Mohammadi Hamidi et al., 2020, 2021; Hemmati et al., 2021). Climate change, population 
growth, excessive dam construction, low irrigation water use efficiency, poor water resources 
management, increased sediment flow into the lake, and lack of political and legal frameworks 
are considered as the main causes of Lake Urmia shrinkage (Ahmadzadeh Kokya et al., 2011; 
Delju et al., 2013; Ahmadi et al., 2016; Gohari et al., 2017; Alborzi et al., 2018; Moradian et al., 
2019). The detailed information of Lake Urmia is shown in Table 1. 


2.2 Data collection 


This study used satellite images from Landsat (www.earthexplorer.usgs) to calculate the changes in 
the area of Lake Urmia during 1970-2020. The outputs were compared to the official reports from 
the National Committee for Lake Urmia Restoration (https://www.ulrp.ir/en/). In addition, 
precipitation data were collected from the Global Precipitation Climatology Centre (GPCC; 
https://opendata.dwd.de/climate_environment/GPCC/html/download_gate.html) (Schneider et al., 


202304.00939v1 


chinaXiv 


ChinaXivA FEAF! 


426 JOURNAL OF ARID LAND 2023 Vol. 15 No. 4 


Lake Urmia 


Legend 


C] Lake Urmia Basin 
HB Lake Urmia 


0 110 km 
ey 


Fig. 1 Overview of Lake Urmia Basin (a) and satellite images showing the variations of the area of Lake Urmia 
in 1984 (b), 1998 (c), 2007 (d), 2014 (e), and 2018 (f). Note that the images were acquired by Landsat 5, 7, and 8. 
Table 1 Detailed information of Lake Urmia 


Item Description 


Geographical location Coordinates of 44°13'—47°54'E and 35°40'-38°29'N in Iran. 


Surface area 3500 km? in 2013 (maximum length of 140 km and maximum width of 55 km). 
Depth Average depth: 6 m; maximum depth: 16 m. 
Lake level Ecological level of the lake's water level: 1274.1 m a.s.l. 


(1) Aji Chai; (2) Alamlou River; (3) Barandooz River; (4) Gadar River; (5) Ghaie River; (6) Leilan 
River; (7) Mahabad River; (8) Nazloo River; (9) Roze River; (10) Shahar River; (11) Simine 
River; (12) Zarrine River; (13) Zola River. 


Permanent main 
water sources 


Note: Data were sourced from Abbaspour and Nazaridoust (2007) and Dehghanipour et al. (2020). 


2020). Also, the required data for the assessment modelling of water supply and demand, including 
water consumption data of the three main water users, i.e., domestic, industrial, and agricultural 
sectors, were obtained from the Agricultural Statistics and Information Center of the Ministry of 
Agriculture of Iran (https://irandataportal.syr.edu/ministry-of-agriculture). 


2.3 Methodology 


2.3.1 Causes of Lake Urmia shrinkage 
To monitor the changes in the area of Lake Urmia using satellite images from Landsat and the 
Environment for Visualizing Images (ENVI), we calculated six commonly used remote 
sensing-derived indices related to liquid water (Table 2). Satellite images collected for the study 
period (1970-2020) were presented in a monthly averaged scale for each year (Xu, 2005; 
McFeeters, 2013; Pettorelli, 2013; Feyisa et al., 2014; Naji, 2018; Wang et al., 2018). 

The Kappa coefficient (KC) was used to assess the accuracy of the calculated indices. The 
formula is shown as follows (Acharya et al., 2016; Mondejar and Tongco, 2019): 


KC= ndaty = Darin X Mi 
n — DUN XN; 


where n refers to the satellite band number; n; is the number of pixels in a specific category in the 
i™ row and j column that were correctly classified; n;+ is the number of pixels of the i" row that 


(1) 
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was classified for a specific class; and n+; is the number of cells of the j column that was 
categorized for a specific class of the observed/reference data. 


Table 2 Indicators used to estimate the area of Lake Urmia 


Indicator Formula Reference 


Automated water extraction index (AWEI) AWEI = 4(X Green — Xur) — (0.25 Xuip + 2-75 X ewip) Feyisa et al. (2014) 


Green 
Automated water extraction index (shadow AWEL, = Xmen + 2.5%, 


l Acharya et al. (2018); 
correction; AWEI,,) 


reen Gen i Wang et al. (2018) 


Difference between vegetation and water DVW = Xy ~Xrea _ Xnr —X ir Lyon et al. (1998); Xu et 
(DVW) Xyr tXpea Ane + Xun al. (2013); Naji (2018) 
Modified normalized difference water index X areen ~ Xvi 
MNDWI = — 9 -MR 

(MNDWI) Green + yar eer 
Normalized difference vegetation index NDVI = Xnr — *rea : 
(NDVI) cae ae Pettorelli (2013) 

F . ; X areen 7 Xnr Gao (1996); McFeeters 
Normalized difference water index (NDWI) NDWI=—>"\—=* i 

Green + Xnr (2013) 


Note: XGreen, green wavelength (nm); Xmr, mid-infrared wavelength (nm); Xnr, near-infrared wavelength (nm); Xswir short-wave 
infrared wavelength (nm); Xpea, red wavelength (nm). 


Precipitation data were collected from the GPCC and bias correction was subsequently carried 
out (Teutschbein and Seibert, 2012; Fang et al., 2015). The idea of the bias correction method is 
to correct the distribution function of simulated precipitation to match with the distribution 
function of observed precipitation. The cumulative distribution functions were constructed for 
observed precipitation data as well as the GPCC data. Then, Equation 2 was applied to correct the 
GPCC data: 


P'= CDF (CDForcc (R GPCC Ds (2) 


where P' is the corrected precipitation data (mm); CDFots is the cumulative distribution function 
of the observed precipitation (Fang et al., 2015); CDFgpcc is the cumulative distribution function 
of the GPCC data (Fang et al., 2015); and Pepcc is the precipitation data from the GPCC (mm). In 
this formula, a commonly used Gamma distribution function was employed to find the marginal 
probability distribution function that best fits the precipitation data. Equation 3 was used to 


describe the Gamma distribution Syce, P) (Thom, 1958), which is a frequently used distribution 


for precipitation. 
f ee (x>0; a, >0) (3) 
yada.) Bi xT) a As > 
where a and f are the shape parameter and scale parameter, respectively; x is the given parameter; 
and T is the Gamma function. Here, the method was expressed mathematically in terms of f, (a 
statistical distribution) and its inverse (f; '), as shown in Equation 4: 


P'= in Gy (Force legpce » Boece) eae ovs)» (4) 

where GPCC and obs refer to the data from the GPCC dataset and the observations, respectively. 
Further, the correlation coefficient (CC) was used in SPSS statistical software (Kremelberg, 
2010; Kinnear and Gray, 2011; Verma, 2012; Davis, 2013) to measure the correlation of variables. 
In addition, as drought is the event of chronic shortages in water accessibility (Mishra and 
Singh, 2010), the changes in the Standardized Precipitation Index (SPI) (McKee et al., 1993, 
1995; Edwards and McKee, 1997) were investigated to monitor the frequency and severity of 
meteorological drought in the study area. The SPI is an extensively used meteorological index in 
previous studies, being an accepted metric of meteorological drought by the World 
Meteorological Organization (Morid et al., 2006; Hayes et al., 2011; Shukla et al., 2011; 
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Angelidis et al., 2012; Golian et al., 2014; Awange et al., 2016). 

The calculation processes of the SPI are as follows: (1) preparation of the time series of 
precipitation accumulations; and (2) estimation of variables using a non-parametric empirical 
distribution function and calculation of cumulative distribution function (Hao et al., 2014; 
Farahmand and AghaKouchak, 2015; Jang, 2018; Salvador et al., 2019; Moradian and 
Yazdandoost, 2021). In this study, the marginal probability distribution function of precipitation 
data was computed using the empirical Gringorten distribution function (Gringorten, 1963). The 
probability of the observed precipitation was calculated using Equation 5: 

Prob= Eia (5) 
N +0.12 
where Prob is the cumulative frequency estimate of the i item; and Z is the order of the smallest 
sample out of N samples. The Prob was further standardized as Equation 6: 


SPI = ¢ ' (Prob), (6) 


where ¢ is the standard normal distribution function. The SPI can standardize the percentiles by 
applying Equations 7 and 8: 


co = 2.5155 
2 :4¢, = 0.8026 
-D At _) it o.00<Prob<0so = |") 
es L+djt+dyt? +dyl | le, =0.0103 " 
7 i T) fd, =1.4328 ° 
-L EFSF _) if 0.51< Prob <1.00 l 
l+ dttd, +dyt d :4 d, =0.1898 
d, =0.0013 
\ n> if 0.00 < Prob < 0.50 
ro 


t= : (8) 
if 0.51< Prob <1.00 


In —————— 
\ (l- Prob}? 
where, ft, Co, Ci, C2, dı, d2, and d3 are the coefficients. In addition, we employed the 
Kolmogorv-Smirnov test to check how well the data fitted the distribution function (Stephens, 
1974). The non-parametric test provides acceptable confidence on using the empirical distribution 
function as the reference function appropriate for the given dataset (Eq. 9). 


D=MAX|R(x) - E(x), (9) 


where D is the maximum difference between R(x) and E(x), where R(x) and E(x) are the reference 
and empirical cumulative distribution functions, respectively. Here, the hypothesis is that the 
reference distribution function can describe the given data. With an error of 0.01, if the P-value is 
larger than the error, then the specific distribution function will be selected from the approved 
distribution functions. 


2.3.2 Water resources management based on resiliency 

After examining the driving factors of Lake Urmia shrinkage, it is necessary to develop scenarios 
for lake regeneration with the help of the Integrated Water Resources Management (IWRM). 
Basin planning is associated with numerous uncertainties because of the ambiguities in 
assumptions, objectives, and forecasts. As a result, determining the role of resilience in an 
integrated system is assisted by considering several management scenarios from the 
environmental, economic, technical, and social aspects in an integrated context based on the 
IWRM (Adger, 2000; de Bruijn, 2004; Tayia and Madani, 2017). In this regard, two approaches 
can be used to define resiliency: (1) engineering resiliency that concentrates on the behavior of a 
system near stable equilibrium and shows the speed of system returning an equilibrium after a 
disturbance; and (2) behavior of a system near the boundary of a domain of attraction far from 
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any equilibrium in which instabilities flip to another domain, which is a buffer ability to absorb 
disturbances (de Bruijn, 2004; Nazif and Karamouz, 2009; Tahmasebi Birgani et al., 2013; 
Madani, 2019). Based on the behavior of a system in response to disturbances, researchers 
inferred three aspects from the definition of resiliency: (1) the system does not respond; (2) the 
system responds; and (3) the system recovers to the normal state from disturbances (Fig. 2) (de 
Bruijn, 2004; Tahmasebi Birgani and Yazdandoost, 2014). When the system is affected by any 
disturbances, its responses are different, depending on the magnitude of disturbances (Gersonius, 
2008). This study attempts to determine the condition of Lake Urmia to formulate different 
resilient strategies to revive it and restore its original characteristics. 
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Fig. 2. Behavior of a system in response to disturbances: recovery from disturbances to normal state 


To investigate the resiliency of possible strategies and water management and assess future 
water supply and demand in the basin, we quantitatively identified water resources and explored 
hydrological cycle, water demand, and water consumption at the regional level. The Water 
Evaluation and Planning System (WEAP) was used to carry out an integrated assessment (Lévite 
et al., 2003; Yates et al., 2005; Purkey et al., 2007; Vogel et al., 2007). The WEAP presents the 
water river basins by their numerous components, including demand-side issues (allocations, 
water usage patterns, costs, efficiencies, reuse plans, etc.) and supply-side aspects (underground 
and surface water, water transfers, reservoirs, etc.). Recognized by an integrated approach, the 
WEAP simulates the natural and engineering components of the basin, giving decision-makers a 
comprehensive understanding of the wide range of factors to be considered in the water system 
management (Yazdandoost et al., 2020b). 

In this research, the precipitation parameter, which is directly affected by climate change, was 
investigated. In addition, since runoff is affected by several factors such as dam construction and 
surface water withdrawals, these factors were investigated separately. Therefore, the main factor 
of the catastrophic death of Lake Urmia can be proved as a natural or anthropological 
phenomenon. Finally, after applying different parameters such as precipitation, evaporation, and 
water withdrawals in agricultural, domestic, and industrial sectors, the runoff leading to Lake 
Urmia was calculated in the WEAP model and the volume of the lake was determined under 
different scenarios. The data used in the WEAP model were collected from the Agricultural 
Statistics and Information Center of the Ministry of Agriculture of Iran. 


3 Results and discussion 


3.1 Changes in the area of Lake Urmia 


To evaluate the changes in the area of Lake Urmia between 1970 and 2020, we calculated the 
automated water extraction index (AWEI), automated water extraction index (AWEIsn), difference 
between vegetation and water (DVW), modified normalized difference water index (MNDWI), 
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normalized difference vegetation index (NDVI), and normalized difference water index (NDWI). 
Table 3 shows the results of the area of Lake Urmia in 2014 from these different indices. Amongst 
these indices, NDWI had the best performance and hence it was used to study the changes in the 
area of Lake Urmia over the study period. 

The results from NDWI indicated that till 1997, the process of the changes in the area of Lake 
Urmia was slow (Fig. 3). The shrinking process was rapid from 1998 to 2018, with about 
one-third of the lake area disappearing during this period. These results are consistent with recent 
studies and the area-elevation-storage curve of the lake (Lake Urmia Restoration Program, 2014; 
Madani, 2014; Tourian et al., 2015; Urmia Lake Restoration National Committee, 2015; Rahimi 
and Breuste, 2021). These studies highlighted that the area of Lake Urmia has decreased by 
around 25.00%-—50.00% during 1970-2020. 


Table 3 Area of Lake Urmia in 2014 calculated from different indicators 


Index Water pixels (%) Area (km?) Absolute error (km?) 

AWEI 6.94 2457.93 457.93 

AWEI <n 69.54 24,637.89 22,637.89 

DVW 16.11 5708.99 3708.99 
MNDWI 15.11 5354.68 3354.68 

NDVI 37.03 13,120.57 11,120.57 

NDWI 6.19 2193.38 193.38 
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Fig. 3 Changes in the total area of Lake Urmia during 1970-2020 based on normalized difference water index 
(NDWI) 


3.2 Causes of the shrinkage of Lake Urmia 


3.2.1 Climate change and meteorological factors 


To assess the effects of climate change on Lake Urmia shrinkage, we collected precipitation data 
from the GPCC and evaluated the changes in the GPCC bias-corrected precipitation data over the 
target area (Fig. 4). Results demonstrated that precipitation data did not follow a specific trend 
between 1970 and 2020 and precipitation was not less than normal during the study period. Also, 
there was no significant relationship between the volume of Lake Urmia and the amount of 
precipitation in the lake basin (SPSS CC=0.24). The results are consistent with the lake changes 
shown in Figure 1. As satellite images indicated in Figure 1, the area of Lake Urmia exhibited a 
sign of "recovery" in recent years, which can also be a good support for the results shown in 
Figure 4. Since climate change continuous, anthropological activities can be carried out to restore 
the rehabilitation process. 

In addition, the SPI was calculated to monitor the severity and frequency of meteorological 
drought in the study area. Figure 5 offers the time series of the annual SPI during the study period 
based on the GPCC bias-corrected precipitation data, in which negative red SPI indicates the 
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occurrence of drought and positive blue SPI means the end of drought. As indicated by Figure 5, 
there was no severe prolonged drought threatened Lake Urmia during 1970-2020 (SPSS 
CC=0.23). 
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Fig. 4 Changes in the total water volume of Lake Urmia and precipitation of Lake Urmia Basin during 
1970-2020 
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Fig. 5 Chnages of the average standardized precipitation index (SPI) in Lake Urmia Basin during 1970-2020. 
Negative red SPI indicates the occurrence of drought and positive blue SPI means the end of drought. 


3.2.2 Population increase 


Increasing domestic water consumption and population growth in Lake Urmia Basin have led to 
an increase in total water demand (Madani, 2014). According to the data from the Agricultural 
Statistics and Information Center of the Ministry of Agriculture of Iran, the population of Lake 
Urmia Basin was 1.86x10° and 5.48x10° in 1970 and 2020, respectively. There was an inverse 
relationship between population growth and the total volume of water in Lake Urmia (SPSS CC= 
—0.71) (Fig. 6). However, since the domestic water consumption sector constitutes only 3.00% of 
the total water consumption in Lake Urmia Basin (Urmia Lake Restoration National Committee, 
2015), it is necessary to examine the impact of population growth on other factors such as 
agricultural development. 

3.2.3 Excessive dam construction 


As mentioned in Table 1, Lake Urmia has 13 permanent main water sources originating from the 
mountains around the lake in Iran and Turkey. The ecosystem is an example of a closed basin 
draining all runoffs in the rivers. Currently, more than 74 dams have been constructed on the 
rivers, which have caused sharp decline in the total water volume of Lake Urmia. The volume of 
water in the reservoirs is about 5.20x10? m?. From 1995 to 2010, 43 dams with a total annual 
adjustability of 3.89x10° m° have caused a decrease of 7 m in lake depth. Considering the extra 
flowing water contained by large dams, the profound effect of dam construction in the crisis 
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Fig. 6 Changes in the total water volume of Lake Urmia and population of Lake Urmia Basin during 1970-2020 


became apparent (Lake Urmia Restoration Program, 2014; Tourian et al., 2015; Urmia Lake 
Restoration National Committee, 2015; Rahimi and Breuste, 2021). Therefore, proper dam 
management, such as temporarily opening large dams during the wet periods and the prevention 
of new dams, can be effective solutions. 

3.2.4 Agricultural water use 


Between 2010 and 2015, the total water consumption and renewable water sources exceeded 
4.83x10° and 7.00x10° m°, respectively. However, 4.30x10° m? was consumed by agricultural 
water use. The water consumption in the agricultural sector was around 65.00% of the total 
renewable water sources and 93.00% of the total water use in Lake Urmia Basin (Lake Urmia 
Restoration Program, 2014). However, the acceptable renewable water source withdrawals must 
reach 20.00%—40.00% of the total water consumption (Sachs et al., 2021). Also, between 1986 
and 2013, the water-based farmland in the basin increased from 3.50x105 to 5.00x10° hm? (Lake 
Urmia Restoration Program, 2014). Figure 7 depicts the changes of the total water volume of 
Lake Urmia and agricultural water use in the basin between 1970 and 2020. Due to the high-water 
consumption in the agricultural sector in the basin, the water volume of the lake declined 
dramatically (SPSS CC= —0.77). Therefore, a crucial planning should be done to decrease water 
consumption in the agricultural sector in order to contain the lake volume. 
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Fig. 7 Changes in the total water volume of Lake Urmia and agricultural water use of Lake Urmia Basin during 
1970-2020 


3.2.5 Water resources management 


The study attributed the decrease in the amount of water in Lake Urmia to the increasing surface 
and underground water withdrawals during 1970-2020. In Lake Urmia Basin, about 61.00% of 
the water consumed by the domestic sector was supplied from surface resources and 39.00% from 
underground sources. Approximately 42.00% of the water required by the industrial sector was 
supplied from surface resources and 58.00% from underground sources. In addition, 56.50% of 
the water required by the agricultural sector was supplied from surface sources and 43.50% from 
underground sources. As shown in Figure 8, high-water withdrawals in the basin have led to a 
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dramatic decline in lake water volume (SPSS CC= —0.86). 

In addition to surface water withdrawals, there were about 88,000 semi-deep and deep wells in 
the basin in 2014, while approximately 50.00% of them were illegally built (Urmia Lake 
Restoration National Committee, 2015); as a result, the inflow to the lake has been tremendously 
reduced. 
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Fig. 8 Changes in the total water volume of Lake Urmia and surface water withdrawals of Lake Urmia Basin during 
1970-2020 
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3.3 Resilient water resources management in Lake Urmia Basin 


Lake Urmia normally has 16.27x10° m? of water available (Lake Urmia Restoration Program, 
2014; Ahmadaali et al., 2018). The available water resources, however, varied from 17.52x10° m? 
in 2000 to 4.10x10° m° in 2020. Therefore, during the last 20 years, the amplitude of the lake 
reaction to the factors mentioned in Section 3.2 was about 13.42*10° m°. To compensate for this 
shortcoming, we examined different management strategies in the WEAP model. During the 
modelling step, based on the consumption data of agricultural, industrial, and domestic sectors in 
2010, we validated the WEAP model for the period of 2011—2018 and found that the relevant data 
are available. Also, the proposed strategies were assumed to be operational from 2021. The model 
validation results are shown in Tables 4 and 5. Detailed information about the applied WEAP 
model can be found in Yazdandoost et al. (2020b). The strategies used in the WEAP model 
included: (1) basic strategy (S1), which predicts the condition of the basin in near future 
(2021-2040) in case no action is taken to modify the current condition, and the growth rates for 
water consumption in the domestic, industrial, and agricultural sectors are 1.10%, 5.00%, and 
5.00%, respectively; (2) a 25.00% decrease in water demand in the industrial and domestic sectors 
(S2); (3) a 40.00% decrease in water demand in the agricultural sector (S3); and (4) water 
transferring to Lake Urmia (S4) (Urmia Lake Restoration National Committee 2015). In addition 
to these scenarios, a hybrid scenario was also analyzed, equivalent to a 25.00% reduction in all 
water demands (S5). For the sake of brevity, since the effects of climate change on lake shrinkage 
were negligible in Section 3.2.1, the role of climate change was not considered in these strategies 
to keep the simplicity of the model. The mentioned strategies were primarily adopted on the basis 
of the proposals by local consultants without precise information of their effective magnitude or 
rank. Results of the modelled water volume from the WEAP are shown in Figure 9. As can be 
seen that this figure concentrates on 40.00% reduction in agricultural water consumption (S3) as 
it reaches the normal state sooner than the other strategies; however, compulsory water allocation 
reduction in the agriculture sector may have tremendous social and economic impediments. In 
addition, in Lake Urmia Basin, some inter-basin plans have been applied to transfer water to Lake 
Urmia (S4). However, this strategy ignored the inter-related dynamic of the drying process. Water 
shortage may be alleviated in the short term by water transfer missions, but in the long run, this 
will lead to the re-emergence of more serious water tensions. Therefore, inter-basin water transfer 
projects are inadequate solutions and have the potential to cause considerable unintended negative 
consequences over time. 
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Thus, this study proposed better water management of Lake Urmia Basin along with different 
previous research propose ways: a hybrid management scenario considering all water demands 
(the proposed S5), changing the cultivation patterns (such as reducing cultivation of 
water-intensive produces and water-based products and cultivating crops with low water demand), 
decreasing the cultivated areas in the basin, improving irrigation efficiency by using modern drip 
and sprinkler irrigation systems, and providing technical supports to farmers (Richter et al., 2017; 
Ahmadaali et al., 2018; Emami and Koch, 2018). These measures can reduce all the impediments 
with any compulsory reduction in the agricultural water withdrawals. 


Table 4 Comparing the observed water volume of Lake Urmia and modelled water volume from the Water 
Evaluation and Planning System (WEAP) during 2011-2018 


Water volume (x10? m°) 


Data 
2011 2012 2013 2014 2015 2016 2017 2018 
Observed data 3.16 2.49 1.87 1.48 1.90 1.95 1.54 1.66 
WEAP modelling data 3.66 3.20 2.49 2.09 1.84 1.72 1.71 1.65 


Table 5 Comparing the observed water demand of Lake Urmia Basin and modelled water demand from the 
WEAP in different sectors in 2018 


Water demand (x10° m°) 


Data 
Domestic sector Agricultural sector Industrial sector 
Observed data 175.90 3351.10 97.10 
WEAP modelling data 189.90 3236.30 69.95 
50 
—Sl —S4 
40+ ——S2. ——-SS5 


—Ss3 — Observed data 


Normal state: water volume of 16.2710" m°? 


Total water volume (x10° m°) 


0 
2000 2005 2010 2015 2020 2025 2030 2035 2040 


Year 


Fig. 9 Observed total water volume of Lake Urmia during 2000-2020 and modelled water volume from the 
WEAP during 2020-2040 based on the different adopted management strategies. S1, the basic strategy; S2, a 
25.00% decrease in water demand in the industrial and domestic sectors; S3, a 40.00% decrease in water demand 
in the agricultural sector; S4, water transferring to Lake Urmia; S5, a 25.00% reduction in all water demands. 


4 Conclusions 


In recent years, huge parts of the water area of Lake Urmia have dried up. The results of this 
study indicated that the rate of the changes in Lake Urmia in recent decades, particularly during 
1998-2018, was of considerable intensity with about 30.00% of the lake area disappeared. The 
effects of climate change on lake shrinkage were negligible; climate change and meteorological 
factors are primary factors for the drying up; however, anthropogenic factors play an important 
role in the drying process. These challenges have serious implications for short- and long-term 
water resources management in Lake Urmia Basin. For any decision making in the basin, it is 
necessary to consider the principles of the IWRM based on resilient water resources management. 
Therefore, consideration of several management scenarios encompassing environmental, 
economic, technical, and social aspects in a united system is essential. 
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